
INSIGHT DAQ

30M hits/s        500 MB/s 2x2M hits/s        40 MB/s

4x1.2M hits/s   40 MB/s

3x10M hits/s        250 MB/s 2x5M hits/s        150 MB/s

1.2M hits/s   90 MB/s 6M hits/s        450 MB/s
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INSIGHT DAQ concept

Existing DAQ for CBELSA/TAPS:

• Triggered readout

• Low-latency hardware trigger
• Subdetectors must provide

trigger signals
• Deadtime (≳ 30µs) after each
event

• Max. event rate limited to ∼ 10 kHz

 Inadequate for INSIGHT

NewDAQ for INSIGHT

• Triggerless, streaming DAQ

• Free-running subdetectors (SDs)
• Send every hit to back-end
• Software trigger/ event filter on

server farm
• Time-synchronization

• Expected data rate: a few GB/s (total)

• Custom electronics only on front-end
• Standard hardware (Switches) and

protocols (IP/UDP) for data transport
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INSIGHT DAQ Pipeline

- Network switches (COTS)
- Custom data concentrator

(FPGA-based, 
Xilinx Ultrascale)

- Event building
- Event-Filter software based
- GPU accelleration (e.g. Nvidia)
- FPGA accelleration (e.g. Xilinx Alveo)

SADC Switch / 
Data Concentrator

Worker node
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Time-Sync

Data 
storage

Digitization Acquisition Transport Server farm

Worker node

Worker node

Worker node

Detector

EMCs

Pixel / 
GEMs

Straws

Plastic
scintillators

FPGA
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Low-Level trigger

Hitpattern
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Synchronization – DOGMA

• DAQ Framework developed at

GSI[Tra+24]

• Optical links for synchronization

• Bi-directional trigger signals

embedded in 800MHz clock

• Designed to workwith cheap,

commercially available FPGAs

Only synchronization

 regular Ethernet for data

DCM

FEE FEE...

Data HUB

Eventbuilding

clock and trigger signals
(to and from FEE)

data sending and controls

DOGMA HUB (reduced complexity, as no
 data has to be combined here)

typically a GbE switch
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DOGMA in Bonn

• Some practical experience

 ToF test beam

• Implemented endpoint module for
SADC platform (Kintex7)

• CB-SADC
• FWEC

• Developed interface to ELSA-HF

• Synchronization over ∼ 300m
existing OM1/2 fiber

• Beam synchronous

measurements with ToF
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DAQ design strategy

• Many parts of the pipeline

still undefined (especially

for new SDs)

• Use common hardware

platformswhere possible

• Don’t duplicate common

functionality

• Define clear interfaces

between SD and central DAQ

Synchronization

Controller

Network Stack

(UDP/IP)

System

Controller

Payload

Acquisition FPGA

ext. PLL

FEE

SFP

PHY

e.g. 72

diff. pairs

(opt. I2C)

recovered

clock

data

trigger

timestamps

configuration

monitoring

SGMII

Doglink

(LVDS)
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To-Do’s

DAQ group

• Continue to evaluate DOGMA

• Specify and develop common

hardware components

• Develop common software
components

• Event-building
• Software trigger
• Reconstruction

• Evaluate solutions for Detector

Control System

Subdetector (SD) groups

• Discuss requirements with DAQ group

• Implement SD-specific components

• Front-End electronics
• Firmware modules
• Detector Control System / slow

control
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Backup



DAQ pipeline by sub detector

sub detector digitization acquisition transport

Tagger (fibers) jTDC TCP

Tagger (bars) jTDC (/ LVDS-DIRICH) TCP / Dogma GBE

Pixel OBELIX LVDS-DC (to be specified) UDP?

CB (Time) jTDC TCP

CB (Energy) SADC Kintex7 SADC Board UDP

GEMs VMM3a? ifTDC / LVDS-DC (to be specified)

Straws PASTTREC LVDS-DiRICH DogmaGBE (UDP)

ToF PADIWA-like? LVDS-DIRICH DogmaGBE (UDP)

FWEC SADC Kintex7 SADC Board UDP
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DOGMA-Hardware

DIRICH TDC

HUB / DCM
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LVDS-DC (SADC Platform)

• 2 Kintex7 FPGAS[Xil21]

• Input: 2x 72 LVDS pairs

• Hardware PLL

• 2x 1GbE network via SFP

• DOGMAmezzanine

• Reference implementation: Tapped

delayline TDC

• Use of SADC variant in INSIGHT:

• PANDA FEC EMC
• Crystal Barrel

4/9



Firmware Framework (SADC Platform)

• Network stack /

event sender

• Doglink client

• Monitoring and

configuration

registers

• Customizable

Payload

• Flavors for

PANDA/CB SADC

and LVDS-DC

Synchronization

Controller

Network Stack

(UDP/IP)

System

Controller

Payload

Acquisition FPGA

ext. PLL

FEE

SFP

PHY
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diff. pairs
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recovered
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Other hardware?

For INSIGHT DAQ:

• Communication via Ethernet

(IP/UDP)

• Optical transceiver for

synchronization

Potential problems

GBT, Versatile Link, etc.

Hard IP transceivers for

synchronization

• Where/if possible: Re-use parts of firmware framework

Effort increases significantlywith hardware differences
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Dual-edge 3b8b Encoding

• 8bitwords

• 0-to-1 transition betweenwords

• exactly one 0-to-1 transition within

words

• DC-balanced

de3b8b.0

de3b8b.1

de3b8b.2

de3b8b.3

de3b8b.4

de3b8b.5

de3b8b.6

de3b8b.7

de3b8b.8
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Clock Recovery

D 𝑄1 D 𝑄2

sdi

clk_50

sdi

𝑄1
𝑄2
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Clock Recovery (Wrong Edge)

D 𝑄1 D 𝑄2

sdi

clk_50

sdi

𝑄1
𝑄2
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